Evidence from a number of sources indicates that the amount of histamine in the blood of healthy adult human beings is usually within the range 0.01 to 0.08 Jug. per ml. (1) and that nearly all of it is in the basophil and eosinophil leukocytes (2, 3) . The little information available about the blood of children suggests that the total content of histamine is similar to that of adult blood. Thus, Maas, Fehmers and Strengers (4) estimated the histamine content of the blood of 51 normal children. Several determinations were made on each child and the average values recorded; all except two fell within the adult range, although individual values were more variable. Unfortunately, these workers did not relate the values obtained to the numbers of basophils and eosinophils in the blood, nor did they determine whether any of the histamine was in the plasma. Little if any histamine is normally present in the plasma of healthy adults (5) , but the report by Pettay (6) that the plasma of umbilical cord blood contained 0.06 to 0.20 pg.
of histamine per ml. suggested that the blood in early life might differ in this respect from adult blood. The present investigation was undertaken to determine the amount of histamine in the blood at birth and in childhood and its distribution among the various elements of the blood.
There is usually a numerical relationship between the basophils and eosinophils in the blood (7, 8) , although not a close one, and in quantitative studies it has proved difficult to determine the distribution of histamine between the two types of cell (3) . In an attempt to shed further light on this problem, a study was made of children who had abnormally large numbers of these cells in the circulation or in whose blood there was a wide dissociation between the numbers of basophils and eosinophils.
There have been few reports on the 5-hydroxy-* Present address: Laboratory of Chemical Pharmacology, National Heart Institute, Bethesda, Md. tryptamine (HT) content of the blood in infancy and childhood. According to Erspamer (9) , the serum of newborn infants contains only a small quantity of HT (0.07 jug. per ml. which HT has been lost from the platelets during clotting. In the present study, HT was estimated in the platelets of the infants and children, and the plasma was also examined to detect any HT which might have escaped during collection or separation of the blood.
MATERIAL AND METHODS
Blood from 11 mature newborn infants was obtained from the umbilical vein before division of the umbilical cord, using a 30 ml. siliconed glass syringe. Five ml. of the blood was immediately added to 1 ml. of 3.8 per cent sodium citrate in a siliconed tube for determination of HT. Six ml. was added to 0.1 ml. 3.8 per cent sodium citrate in a siliconed tube and immediately centrifuged for five minutes, after which a measured quantity of the plasma was added by siliconed pipette to 5 ml. of 10 per cent trichloracetic acid for determination of plasma histamine. While this sample was being centrifuged, counting pipettes were filled directly from the blood in the syringe for enumeration of basophils, eosinophils and platelets. Next, two samples of 5 ml. blood were taken in siliconed pipettes and each added to 10 ml. of 10 per cent trichloracetic acid for duplicate determinations of total blood histamine. The remaining blood was used for the determination of the potassium content of the plasma. The whole procedure of partitioning the blood between the various containers was accomplished rapidly in the labor room and was completed within a few minutes of birth.
Blood from 16 children aged between one and 12 years was drawn from the anterior cubital vein, the routine being the same as for umbilical venous blood. Blood from 10 infants under one year old was drawn from the in-ternal jugular vein, using a 10 ml. siliconed syringe since only about 6 ml. was required for HT determination and a platelet count. The children and infants were in hospital either for correction of an anatomical abnormality, such as inguinal hernia, or for investigation of some minor complaint for which no cause was found. None had a history of allergic conditions and all could reasonably be regarded as healthy children. In each case, venous blood was required for routine diagnostic purposes and blood for the investigation was taken at the same time to avoid an unnecessary venipuncture. Venous blood from six healthy adults was also examined to obtain an indication of the normal adult value for HT by our method.
The capacity of the blood platelets to take up HT was assessed by incubating a suspension of platelets for one hour at 370 C. in the presence of an excess of HT, using a suspension of the same platelets incubated with saline alone as the control. This test was carried out on two samples of umbilical venous blood and on two samples of venous blood from healthy adults.
Four children with eosinophilia were examined, eosinophilia being defined as more than 1,000 eosinophils per cu. mm. of blood. In two, the eosinophilia was associated with normal numbers of basophils, while in the other two there was also a basophilia. The first child (Case 1) was a boy of four years who had periorbital edema of six weeks' duration. Investigation revealed no cause for the eosinophilia and he had no other symptoms. The swelling gradually subsided but the eosinophil count remained high, though temporarily reduced by cortisone; one year later, the eosinophilia was still present.
The second child (Case 2) was a boy of five years, who had periorbital edema of three days' duration. He had a history of mild asthma and edema whenever he came in contact with cats. The swelling and eosinophilia subsided within a few days without specific treatment.
The third child with eosinophilia (Case 3) was a girl of six and one-half years with celiac disease, which responded to a diet without gluten. On One further child, a girl aged 11 years with acute rheumatic carditis (Case 6), was studied throughout the course of her illness to determine whether the level of blood histamine bore the same relationship to the basophil and eosinophil counts as in health.
Histamine in blood was determined by Code's modification (11) of Barsoum and Gaddum's method (12) . Histamine was extracted from plasma by the same method, using smaller quantities. Thus 2.5 to 3 ml. of plasma was added to 5 ml. of 10 per cent trichloracetic acid, filtered and washed with 5 ml. of 5 per cent trichloracetic acid. Three ml. of concentrated hydrochloric acid was added and the procedure continued as for whole blood. In seven recovery experiments, in which 0.05 or 0.1 Ag. of histamine was added to each ml. of plasma, the mean percentage of the added histamine recovered was 85 12.
For assay, which was carried out on a strip of guinea pig ileum suspended in atropinized Tyrode's solution, the dried residue was taken up to its original volume in Tyrode's solution diluted 3: 1 with distilled water, and neutralized with sodium hydroxide. Each sample was assayed by comparison with a standard solution of histamine acid phosphate, and evidence that the activity measured was due to histamine was obtained by frequent tests with mepyramine maleate (13) . All values for blood histamine in this paper are mean values of duplicate samples and are expressed in terms of the free base.
The plasma potassium content of each sample of blood was estimated by flame photometry, since abnormally high levels of potassium might have interfered with the assay of histamine. In every instance the potassium was within the normal range. Basophils and eos ¶nophils were counted by the method of Moore and James (14) , with the modifications previously described (15, 16) .
For the determination of HT in platelets and plasma, 5 ml. of blood with 1 ml. of 3.8 per cent sodium citrate was centrifuged at 1,000 rpm on a M.S.E. Major centrifuge (250 G) for 10 minutes. The supernatant, platelet-rich plasma was pipetted off and centrifuged at 3,500 rpm (3,000 G) for 20 minutes. The plasma was decanted off the sheet or "button" of platelets, and each was extracted with acetone, using 5 ml. for the platelets and four volumes for the plasma. The extracts were allowed to stand at room temperature for one hour and then centrifuged, and each supernatant decanted into a round-bottomed Quickfit flask. The residues were washed with 95 per cent acetone for 30 minutes and centrifuged, each supernatant being added to the contents of the corresponding Quickfit flask. Finally, the extracts were evaporated to dryness in vacuo at 370 C. external temperature, and stored at -17°C. until they could be assayed, which was nearly always accomplished within two days. All glassware used in the extraction before the addition of acetone was treated with silicone.
The assay was performed on the atropinized, estrous t In the last column, the HT content of the unwashed platelets (the "buffy coat" of the platelet-rich plasma) is added to the HT content of the plasma, and the total related to the platelet count made on whole blood.
uterus of the rat, and was repeated in the presence of the HT inhibitor lysergic acid diethylamide (10' Gm. per ml.). The HT content of each sample of blood was related to the volume of the sample and to the number of platelets. Since the HT in blood is derived solely from the platelets, the latter mode of expression is considered the more informative. Platelets were counted in whole blood by Lempert's method (17) . Parallel counts on whole blood, and on separated platelet-rich plasma, when corrected for the difference in volume, consistently gave values within 10 per cent of one another, whereas counts on washed suspensions of platelets were always slightly lower. We therefore felt justified, in this comparative study, in relating the total HT from unwashed platelets and plasma to the numbers of platelets in whole blood, thus avoiding delay in starting the extractions.
RESULTS

Histamine
The mean content of histamine of 10 samples of umbilical venous blood was 0.063 ± 0.0301 Jg. 14 samples of plasma which were tested, but in two, very small amounts were found (Table II) . Figure 1 illustrates the relationship between the amount of histamine and the numbers of basophils and eosinophils in the 25 samples of blood.
The results obtained in the children with eosinophilia are shown in Table III . In Case 1, the initial eosinophil count and blood histamine level were abnormally high, and were still above normal 24 hours after starting cortisone (100 mg. daily by mouth). Both diminished rapidly when the dose of cortisone was increased to 200 mg. daily; the basophils increased slightly at first but one week later had almost disappeared, while at the same time the eosinophils had started to return. When the cortisone was stopped, the eosinophils and blood histamine again rose to abnormally high levels. In Case 2, the blood histamine fell in four (Figure 1 ).
5-Hydroxytryptamine
Ten samples of blood from the umbilical vein were tested for HT; the mean content was 0.012 + 0.012 ptg. per ml. Three of the 10 samples contained no measurable HT and the highest value recorded was 0.027 ,tg. per ml. Expressed in terms of the platelet count, the mean content was 0.053 + 0.047 pg. per 109 platelets, with a range from 0 to 0.129 pg. per 109 platelets (Table I) .
HT was measured in the blood of 11 healthy children (Table II) Figure 2 ). Appreciable amounts of HT were found in the plasma of only seven of the 29 samples, and were attributed to faulty technique, the total blood level (i.e., the content of platelets and plasma) being within normal limits. In about half of the samples, the plasma contained another substance which caused contraction of the uterus, but this was unaffected by lysergic acid diethylamide, and may have been substance P. It was noted that this substance occurred more often in plasma obtained after a meal.
The results obtained in the children with eosinophilia are shown in Table III The HT content of the blood was within the normal range until treatment with cortisone was started when it fell to very low levels. After cortisone was stopped, the HT increased slightly but never regained pretreatment levels.
In the incubation experiments, the platelets from the first newborn infant took up no HT at all, while those from the second, which initially had a total content of 0.01 Mg., contained only 0.0375 Mg. after incubation. In both the adults, the platelets increased their content nearly sevenfold during incubation.
DISCUSSION
Histamine
With increasing refinements of technique, successive workers have found less and less histamine in plasma, and the recent work of Adam, Hardwick and Spencer (5) confirm Pettay's finding of high levels of histamine in the plasma at birth (6) . Such high levels may have been due to his method of collecting the blood directly from the placental end of the divided cord. All except one of the values obtained for the histamine content of cord blood fell within the normal adult range. The one exception (0.130 pg.
per ml.) was associated with very high counts of basophils and eosinophils. The mean value (0.063 pg. per ml.) was significantly higher (p < 0.001) than the mean of 0.040 pg. per ml. found previously in healthy adults (1) but did not differ significantly (p > 0.1) from the mean value of 0.049 Kg. per ml. found in the 15 healthy children in this study.
The mean numbers of basophils and eosinophils were rather higher than those recorded previously in umbilical venous blood (15) but the difference is only statistically significant in respect of the eosinophils (p < 0.05) and the number of these cells in the blood at birth is known to be extremely variable (18) . Figure 1 shows the close relationship between basophils and histamine in the 10 samples.
We conclude that the blood in the umbilical vein does not differ fundamentally from adult blood in respect to the distribution of histamine among the various elements of the blood, and that the tendency to higher levels simply reflects differences in the numbers of circulating basophils and eosinophils.
All the values for blood histamine in the 15 healthy children fell within the normal adult range and the mean value of 0.049 jig. per ml. did not differ significantly (p > 0.05) from the mean value of 0.040 ,tg. per ml. found in adults. Our results are similar to those of Maas, Fehmers and Strengers (4) who estimated the blood histamine in 51 normal children; the mean value calculated from their data was also 0.049 pg. per ml.
The basophil and eosinophil counts in the 15 children all fell within the normal range and the mean counts did not differ significantly from those found in 67 other healthy children (16) . Figure  1 indicates that there is a close relationship between the number of basophils and the histamine content of the blood.
Histamine was found in the plasma of only two of the children and the small amounts present were probably due to liberation of histamine from cells into the plasma at the time of collection rather than to true increases in the plasma level. Thus our results indicate that there is no difference between children and adults in the amount and distribution of histamine in the blood.
In general, when the basophil count is high the eosinophil count is likely to be high, and when basophils are scanty, eosinophils are also few in number. Many exceptions to this generalization occur, however, and in a study of 82 adults, Boseila and Uhrbrand (19) found that the correlation between the numbers of basophils and eosinophils was not statistically significant. Nevertheless, in many hundreds of counts we have seldom found a numerical disparity sufficiently great to be of value in defining the role of each type of cell in the carriage of histamine. The observations on the patients with eosinophilia are therefore particularly valuable, since the abnormally high levels of histamine in the presence of normal basophil counts indicate that the eosinophils contained large amounts of the amine. It might be suggested that the basophils were assuming a much greater load than usual, although there is evidence that the histamine content of basophils does not vary much (3) . The observations in Case 1, however, show clearly that the eosinophils may at times contain substantial quantities of histamine. Thus, when basophils were virtually absent from the blood on February 4th, the histamine content was 0.055 pug. per ml., and since none of this was in the plasma, it must have been in the eosinophils, which were present in relatively large numbers (538 per cu. mm.). This does not mean, of course, that the eosinophils always contain histamine, and in fact there is ample evidence that they do not. All our children with eosinophilia had abnormally large amounts of histamine in the blood, but this is by no means always the case (20) , and the varying quantities found by other workers indicate that the histamine content of the eosinophils may fluctuate greatly, even allowing for possible variations in the numbers of basophils.
The data obtained in Case 5 indicate just as clearly that the basophils contained histamine, since in the presence of large numbers of basophils and in the virtual absence of eosinophils, there was a considerable amount of histamine (21) , an effect seen in Case 1 (Table III) . The basophil and eosinophil counts show characteristic changes in acute diseases of childhood (16) but the variations in blood histamine levels have not been studied. However, the data in Cases 5 and 6 do suggest that the same relationships between basophils, eosinophils and blood histamine pertain in acute disease as in health ( Figure 1 and Table III) . Much work has been carried out on the variations of blood histamine in allergic conditions, and recently it has been shown that some allergic children may have consistently elevated levels of histamine in the blood (4) .
Such work would be of greater value if the distribution of the histamine between the various blood elements were known. An increase in total blood histamine due to a high level in the plasma, such as occurs in experimental allergic reactions (22, 23) , has a significance quite different from that of an increase due to a rise in the numbers of basophils or eosinophils. The latter may, of course, indicate disordered histamine metabolism, since the cells may be numerous because there are increased quantities of histamine to be transported, but equally the blood histamine may only be raised because the numbers of basophils and eosinophils have increased, which may be for some reason unconnected with histamine metabolism. It is evident that in assessing the significance of the amount of histamine in the blood, its distribution between cells and plasma must be taken into account.
5-Hydroxytryptamine
Our results indicate that the blood at birth contains little or no HT, that there is only a slight tendency to rise during the next four months, and that there is then rather a rapid rise to childhood levels, which are comparable with those which we have found in adults ( Table V) . The rise in the HT content of the blood does not depend on alterations in the platelet count, and is thus due to a real increase in the amount of HT per platelet.
There appear to be at least three possible explanations of the low levels observed at birth. First, the platelets might have been temporarily depleted of HT as a result of parturition, but this seems unlikely, since the rise in the level did not occur for several months after birth. Second, there might have been no HT for the platelets to take up. The apparent absence of 5-hydroxyindole acetic acid from human amniotic fluid (24) (25) .
The third, and in our opinion the most likely, explanation of the low levels of HT in cord blood is that the capacity of the platelets for taking up HT is poorly developed at birth. The results of our experiments would appear to support this view, since even after incubation with HT, the platelets of the newborn infants contained less than normal adult platelets. Our studies afford no explanation for the in-crease in the platelet content of HT at about four months after birth. It seems unlikely to be related to a change in diet, for the introduction of cereal foods at this age does not greatly increase the intake of tryptophan, and we can only suggest that in some way the ability of the platelets to take up HT matures at about this time.
Histamine and 5-hydroxytryptamine
Although histamine and 5-hydroxytryptamine are closely associated in the cells of some species, such as the mast cells of the rat and the platelets of the rabbit, it appears that in man they are neither derived from the same source nor contained in the same cells. We were therefore surprised to find a significant (p < 0.01) inverse relationship between the total quantities of histamine and HT in the blood of the 10 healthy children in whom both substances were measured (Table II) . This relationship did not depend on a negative correlation between the basophils and eosinophils and the platelets, and indeed, as far as we are aware, there is normally no numerical relationship between these cells. Under experimental conditions, HT does have an eosinopenic effect (26, 27) and may also liberate histamine (28) , but the quantities required to produce these effects are much larger than those found in normal blood, where in any case the HT is within the platelets and therefore unlikely to exert any such action.
We cannot confirm this relationship from our other results, which are not comparable because of the difference noted in the uptake of HT by platelets in the newborn period and because any negative correlation would cease to exist on the administration of cortisone, which lowers the levels of both histamine and HT (1, 29) . If there is indeed an inverse relationship between histamine and HT in human blood, we are unable to account for it. SUMMARY 1. The amount of histamine in the blood is closely related to the number of circulating basophils at birth and throughout childhood, and there is little or no histamine in the plasma. Fresh evidence that both basophils and eosinophils contain histamine has been obtained from observations on children with eosinophilia and with acute rheumatism.
2. 5-Hydroxytryptamine in the blood in infancy and childhood is almost entirely contained in the platelets and little or none is present in the plasma. There is very little 5-hydroxytryptamine in the blood at birth but the amount increases rapidly at about the age of four months, and thereafter remains throughout childhood at levels comparable with those found in adult life.
3. The increase at four months is due to an increase in the amount of 5-hydroxytryptamine per platelet and not to an increase in the number of platelets. Experimental evidence suggests that the platelets contain only a small amount of 5-hydroxytryptamine at birth because their capacity for taking it up is poorly developed. 4 . The values for 5-hydroxytryptamine in the blood of patients with eosinophilia were variable and observations on one patient indicated that abnormally large amounts might on occasion be present in the plasma.
5. An inverse relationship was found between the amounts of histamine and 5-hydroxytryptamine in the blood of healthy children. The physiological significance of this observation is not known.
